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PREFACE 

Tnis report was prepared under contract (Purchase Order No. 81-ABA-492) 
by Sharon D. Ilendrix, graduate student, University of Hawaii. The contract 
objectives were to collect and analyze data on the effects of various diets 
and rearing conditions on growth and survival of skipjack tuna, Katsuwonus 
pelamis, larvae reared under laboratory conditions. These data will provide 
information and insight on the early life history of this commercially 
valuable species. The data will also provide a guide for future studies 
such as those designed to measure the effects of normal environmental fluc- 
tuations and pollutants on survival and growth of this fish species' larvae 
in the wild. Sine-e the report has been prepared under contract, the state- 
ments, findings, conclusions, and recommendations herein are those of the 
contractor and do not necessarily reflect the view of the National tlarine 
Fisheries Service. 

Richard W. Brill 
Fishery Biologist 

December 17, 1982 
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S k i p j a c k  t u n a ,  Katsuwonus p e l a m i s ,  r e p r e s e n t  An i n p o r t a n t ,  comrnerci?l 

f i s h e r y  r e s o u r c e ,  y e t  l i t t l e  is  known a b o u t  t h e i r  e a r l y  l i f e  h i s t o r y .  ,In 

u n d e r s t a n d i n g  of t h e  mechanisms a f f e c t i n , q  m o r t s l i t y  of c i r l y  l i f e  st;iyes i s  

i m p o r t a n t  for the m a n a g e v e n t  o f  t h e  s k i p j a c k  t u n s  f i s h e r y .  ' I o r t s l i t y  r a t e s  

c lu r in?  e a r l y  l i f e  s t a g e s  a r e  i n f l u e n c e d  b y  cnviron:nent;11 f?c  t o r s  v h i c h  ir! 

t u r n  e f f ec t  f u t u r e  r e c r u i t m e n t  t o  c o m m e r c i a l  f i s h e r i e s .  

R e a r i n g  s k i p j a c k  t u n a  l a r v a e  i n  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s  

p r o v i d e s  i n f o r m a t i o n  c o n c e r n i n g  t h e  e a r l y  l i f e  h i s t o r y  of  sicip.jac!.: t una  

t h a t  is  o t h e r w i s e  d i f f i c u l t  i f  n o t  impossible to  r x q u i r e .  TLln o b j e c t i v e  o f  

t h i s  s t u d y  is  t o  examine  t h e  f a c t o r s  t h q t  2 f f e c t  the g r o w t h  and  s u r v i v a l  of  

s k i p j a c k  t u n a  l a r v a e  r e a r e d  i n  t h e  l a b o r a t o r y .  

i4ATER IALS A t J D  IIETHODS 

F e r t i l i z e d  s k i p j a c k  t u n s  eggs were o b t a i n e d  b y  s t r p s s - i n  iuccd 

s p a w n i n g  of c a p t i v e  a 4 u l t  s k i p j a c k  t u n a  a t  t h e  Nat ional .  i l a r i n c  F i s h e r i e s  

S e r v i c e ' s  Kewalo R e s e a r c h  F a c i l i t y  (Kaya e t  21., i n  p r e s s ) .  Tn? f e r t i l i z e d  

e g g s  were s t o c k e d  i n  r e a r i n g  t a n k s  a t  a d e n s i t y  of 20 ?g:s/l. The r e a r i n q  

t a n k s  wnre c y l i n d r i c a l ,  b l a c k  f i b e r g l a s s  t a n k s  (4 f t  i n  d i a m r t e r ,  16 i n .  

d e e p )  immersed i n  t e r n p 3 r a t u r e  c o n t r o l l e d  m t e r  b q t h s .  F l u o r e s c e n t  l ? . ips  

s u s p e n d e d  o v e r  t h e  t s n k s  p r o v i d e d  i l l u m i n a t i o n .  

The t m k s  were i n i t i a l l y  f i l l e d  w i t ! ?  203 1 of  f i l t e r e d  s - n w a t e r ,  

h o w e v e r ,  q d d i t i o n s  of a l g a e  and f o o d  o r g a n i s m s  i n c r e s s r t j  th? volume t o  a s  

much a s  399 1. The t a n k  volume was m a i n t a i n e d  be tween 200 and 300 1 b y  

s i p h o n i n g  w a t e r  from the bottom of t h e  t a n k s  p e r i o d i c a l l y ,  w h i c h  a l s o  
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s e r v e d  t o  k e e p  t h e  t a n k s  c l e a n .  Algae  was a d d e d  t o  the t 2 n l t s  p r i o r  t o  957 

h a t c h i n g ;  food  o r g a n i s m s  were added t h e  second d a y  a f t e r  h a t c h i n g .  ' l i l d  

a e r a t i o n  was s t a r t e d  i n  t h e  r e a r i n g  t a n k s  3-4 d a y s  a f t e r  h a t c h i n g .  

L a r v a e  were i n i t i a l l y  f e d  l a b o r a t o r y  c u l t u r e d  r o t i f e r s ,  S r a c h i o n u s  

p l i c a t i l i s ,  w i t h  d a i l y  a d d i t i o n s  of  4-8 1 o f  a l g a e  ( T e t r a s c l m i s  s p .  and 

I s o c h r i s i s  s p . )  t o  p r o v i d e  food  for t h e  r o t i f e r s .  When n v 3 i l a b l e .  c u l t u r e d  

c o p e p o d s  ( T i g r i o p u s  s p .  and E u t e r p i n 3  a c u t i f r o n s ) ,  Rrtnrnia  n s r q l i i  o r  

c o l l e c t e d  z o o p l a n k t o n  were o b t a i n e d  and f e d  t o  4-5 d a y  o l d  l a r v a e .  

Growth r a t e s  were d e t e r m i n e d  by s a m p l i n g  10 or more l a r v a e  

p e r i o d i c a l l y ,  however ,  a s  t h e  numbers  of  l a r v a ?  i n  a t a n k  p o p u l a t i o n  

d e c l i n e d ,  fewer l a r v a e  were s a m p l e d .  Length  ( S L ) ,  e y e  d i - l rne tc r  and body 

d e p t h  were measured  while l a r v a ?  were a l i v e ,  u s i n l :  a c a l i b r a t e d  aicrometcr 

mounted i n  a d i s s e c t i n g  m i c r o s c o p e .  

B e h a v i o r a l  o b s e r v a t i o n s  were made a s  f r e q u e n t l y  a s  p o s s i b l e ,  n o t i n g  

f e e d i n g  b e h a v i o r  and swimming s p e e d .  Swimming s p e e d s  were d e t e r m i n e d  by 

t r a c i n g  a l a r v z ' s  swimning p a t h  on a p i e c e  of  c l e a r  p l a s t i c  u s i n g  B pen 

a o u n t e d  i n  a c r o s s - h a i r  d e v i c e .  The p a t h  d i s t a n c e  was d e t e r m i n e d  u s i n g  a 

map r e a d e r .  Ten o b s e r v a t i o n s  were made d a i l y ,  w i t h  o b s e r v a t i o n  t imes 

b i t w e e n  10 and 67 sec.  

A t t e m p t s  t o  r e a r  s k i p j a c k  t u n a  l a r v a e  from h a t c h i n g  t h r o u q h  

m e t a n o r p h o s i s  d u r i n g  J u n e  t ! i rouqh  August  1030 r e s u l t e d  i n  l i m i t e d  success, 

w i t h  l a r v a e  s u r v i v i n g  up t o  12 d a y s  a f t e r  h s t c h i n q .  A l l  1090 rearin!:  

e x p e r i m e n t s  were c o n d u c t e d  a t  2Y0 C ,  u s i n g  a 12 h d a y / l 2  h n i g h t  l i g h t  

r e g i m e ,  and p r e y  c o n c e n t r a t i o n s  of 10-20/rol ro t i fe rs  w i t h  a d d i t i o n s  o f  

c o l l e c t e d  z o o p l a n k t o n  a t  1-2 /ml  when a v a i l s b l e .  
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I n  1931, d e t a i l e d  s t u d i e s  were u??ert:3ken t o  determine t h e  c a i i s ~ f s  of 

t h e  h i g h  l a r v a l  a o r t a l i t i e s  o b s e r v e d  i n  1930. Tries? s t u d i e s  examined 

s e v e r a l  f a c t o r s  t h 3 t  a f f e c t e d  g rowth  and s i l r v i v n l  of s ! < i p j a c k  t u n a  l a r v a e ,  

i n c l u d i n g  t e m p e r a t u r e ,  l i g h t  r e g i m e ,  d i s s o l v e d  o x y g e n ,  n u t r i e n t  

c o n c e n t r a t i o n ,  and w3ter q u a l i t y .  Exper i rnnnts  were c o n d u c t e d  f o r  crrch o!' 

t h e  s p a w n i n g s  a s  f o l l o w s :  

Tank 4 T a n k  R Tank  C 

1st spawn T e m p e r a t u r e :  26' C 2110 :: 2110 c 
L i g h t :  12 h D/12 N 1 4  h D/10 N ,311 h D/O U 
P r e y  : "1 5 / m l  B r e c h i o n u s ,  "1  / m l  fLrterni;l naupf  ii an1 

T i g r i o p u s  s p .  

2.1 spawn T e m p e r a t u r e :  2 4 O  C 740 (1 220 c 
L i g h t :  14 h D/10 N 14 h D / 1 0  Y 12 h D/12 ?J 
P r e y :  -15/ml B r a e h i o n u s ,  -1 /ml E u t e r p i n a  n c u t i f r o n s  
E x t r a  

p r o c e d u r e s :  M o n i t o r  d i s s o l v e d  o x y g e n ,  examine  1-7rvao f o r  
b a c  ter i a l  f o u l  i n % .  

?d sparm T e m p e r a t u r e :  24' C ?io c 240 c 
L i g h t  : A l l  t a n k s  1 4  h D/ 10  h Y 
P r e y :  -15/ml E r a c h i o n u s  f o r  3.11 t , ?nks .  
E x t r a  

p r o c e d u r e s :  Moni to r  d i s s o l v e d  o x y g e n ,  m i l d  a e r a t i o n  used  
i f  D.O. < B O %  s a t u r a t i o n .  

N u t r i e n t s  m o n i t o r e d  i n  t a n k s  A and B o n l y .  
-5,000 e g g s  s h i p p e d  t,o WIFS La J o l l a  for 
r e a r i n g .  

4 t h  spawn T e m p e r a t u r e :  All t a n k s  a t  24' C.  
L i g h t :  A l l  t a n k s  14 h r  D / I O  h r  N 
P r e y :  
E x t r a  

-15/ml B r a c h i o n u s ,  n. 5-2/ml - E.  a c u t i f r o n s  

p r o c e d u r e s :  Yonitor d i s s o l v e d  oxygpn ,  m i l d  a e r a t i o n  IISR:~ 
i f  D.O. <50% s n t u r s t i o n .  

N u t r i e n t s  m o n i t o r e d  i n  t a n k s  A and R. 
High  a l g a l  c o n c e n t r a t i o n  . n 2 i n t ? i n e d  i n  

-10 ,000  e g g s  s h i p p e d  t o  NYFS L2 J o l l a  for 
t a n k  A. 

r e a r i n g .  
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D i s s o l v e d  oxyqen m s  m o n i t o r e d  w i t h  an oxygen p r o b e  and YS'C oxygen 

meter. H a t e r  s a m p l e s  were a n a l y z e d  f o r  phosphat .? ,  n i t r a t e  nn:l n i t r i t e ,  2n-1 

amnonia b y  U n i v e r s i t y  of Hawaii  HIYR , A n a l y t i c a l  S e r v i c e s .  Egqs w D r e  

s h i p p e d  t o  NMFS La J o l l a  L a b o r a t o r y  i n  p l a s t i c  b a g s  and c o n t a i n e r s  f i l l e d  

w i t h  a u t o c l a v e d  s e a w a t e r .  h r v a e  were r e a r e d  a t  La Jollcl u s i n g  s i m i l a r  

m a t e r i a l s  and m e t h o d s .  Tne p u r p o s e  o f  t h e  c o - r e a r i n g  w q s  t o  d e t e r m i n e  i f  

t h e  d i f f e r e n c e  i n  w-iter q u a l i t y  a t  t h e  two l a b o r a t o r i e s  a f f e c t e d  1 a r v : ) l  

g r o w t h  an3  s u r v i v a l .  

RESULTS 

G e n e r a l  o b s e r v a t i o n s  

S k i p j a c k  t u n a  e g g s  o b t a i n e d  from s t r e s s - i n d u c e d  spaywnings were 

t r a n s p a r e n t  and s p h e r i c a l ,  r a n g i n g  fron 0 .9  t o  0.96 rnm i n  d i a m e t e r  w i t h  -n 

s i n g l e  o i l  g l o b u l e  a v e r a g i n g  0.24 mm i n  d i n n e t e r .  Eggs h a t c h e d  i n  31-12 h 

a t  2G0 C ,  a n d  i n  34-36 h a t  24' C. 

L s r v a e  had an a v e r a g e  l e n g t h  of 2.94 mm a t  h a t c h i n n ,  w i t h  a y o l k  s a c  

a v e r a g i n g  0.73 mm l o n g  by  0.43 m wide .  The second  d a y  a f t e r  h a t c h i n g ,  

l a r v a e  had p igmen ted  e y e s ,  f u n c t i o n a l  j a w s  and r e m n m t s  of t h e  o i l  g l o b u l e .  

A t  t h i s  time l a r v a e  had n o t  s t a r t e d  t o  f e e d  b u t  were e x h i b i t i n p ,  f e e d i n g  and 

s e a r c h i n g  b e h a v i o r .  L s r v a e  were a c t i v e l y  f e e d i n g  by t h e  t h i r d  d a y  a f t e r  

h a t c h i n g ,  l a r v a e  t h a t  d i d  n o t  i n i t i a t e  f e e d i n g  d i e d  be tween 3 and 7 d a y s .  

A t  d a y  3,  many l a r v a e  were Dbsnrvcd t o  have  .jaw a b n o r m a l i t i e s  which 

a p p a r e n t l y  p r e v e n t e d  them from c a p t u r i n g  and i n g e s t i n g  s u f f i c i e n t ,  

q u a n t i t i e s  of food. "lie p e r c e n t a g e  of deformcd l a r v a e  v a r i e d  w i t h  

d i f f e r e n t  s p a w n i n g s ,  i n  most g r o u p s  20-307 of  d a y  3 l a r v a e  had deformed 

j aus . 
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S p i n a t i o n  of  t h e  head  r e g i o n  m d  j7w d c n t i t i o n  w q s  o b s e r v e 1  i n  S-117 

d a y  o l d  l a r v a e .  L s r v a e  were e s s e n t i a l l y  t r a n s p A r e n t ,  w i t h  p i g r n m t 3 t i o n  

c o n c e n t r a t e d  i n  t h e  head  and s tomach  r e g i o n s  -md s c a t t e r e d  a l o n g  t h e  tru7k. 

S u r  v i  v a l  

Most of  t h e  s k i p j a c k  t u n a  l n r v 2 e  3ie;l S y  4ny 7 ,  w i t h  3 g r o u p s  o f  

1 3 r v a e  s u r v i v i n g  t o  d a y  12 ( T a b l e  1 ) .  Hs-lviest, q o r t s l i t i e s  : e r e  observr.l 

on d a y s  4 and 5 ,  iv i th  losses of  504 or more of  t h e  t w k  p o p u l a t i o n .  Dyinq 

l a r v a ?  u s u a l l y  s w s m  slowly, 1-3 cm a b o v e  t h e  t 3 n k  bot tom, i n t e r m i t t e n t l y  

s i n k i n g  i n  a head-down p o s i t i o n .  These 1 , a r v a e  u s u ? l l y  h a 1  shrrunI<en 

s t o m s c h s  c h n r a c t ? r i s t i c  of s t a r v a t i o n ,  b u t  w r c  not  Q e c e s s q r i l y  srn3ll.r-r 

t h s n  a c t i v e l y  f eed inp ,  l a r v a e  ( T a b l e  2). 

Growth 

S k i p j a c k  t u n a  l a r v a e  g r e w  s l o w l y  i n  l e n y t h ,  . a i t h  no  2 p p s r e n t  e f f e c t  o f  

t e m p 5 r a t u r e  on g r o w t h  ( T a b l e  1 ) .  The 24-9 clay l i g h t  r p g i m c  rc>su l t e , l  i n  

t o t a l  m o r t a l i t y  b y  d a y  3, t h e r e f o r e  the  14 h D/13 h N l i g h t  r c q i m n  713s u s ~ j  

i n  nos t  r e a r i n g  t r i a l s  s i n c e  i t  bes t  a p p r o x i m a t e d  no rma l  l i g h t  c o n d j t i o n s  

f o r  t h a t  time of y e a r .  

Two g r o u p s  of l a r v a e  ( J u l y  16, 1939 and May 31, 1071 spnwns)  e x h i b i t e d  

s i g n i f i c a n t  g r o w t h  and s u r v i v a l  ( T a b l e  1 ) .  S t a t i s t i c a l  compw-ison o f  t h e  

two g r o w t h  e q u a t i o n s  r e s u l t e d  i n  no s i g n i f i c a n t  d i f f e r e n c e  b t ? t v e m  s l o p e s  

a n 3  i n t e r c e p t s  (P (O.05 ,  ANOVA, ,%ka1 and R o h l f ,  1 9 6 9 ) .  Leng th  d r i t a  

o b t a i n e d  from t h e s e  two r e a r i n g  g r o u p s  :.rere pooled and th:. r e s u l t s  s’7owrl i r l  

F i g u r e  1. A l l  o t h e r  r e a r i n g  e x p e r i m e n t s  r e s u l t e d  i n  i n s i g n i f i c a n t  g r o w t h  

( T a b l e  1) .  
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Swimming and  f e e d i n g  b e h a v i o r  - 
S k i p j a c k  t u n 3  l a r v a e  sxrja a t  an aver33':c s p e e l  o f  0.115 cm/sec ( -1.7 

body l e n g t h s / s e c )  from d a y  2 t o  10, a v e r a g i n g  1.64 (S.D. = 0.836) f p e d i n g  

a t t a c k s  per m i n u t e .  

L a r v a e  c o n t i n u a l l y  s e a r c h e d  t h e  w a t e r  column for p r e y .  A f t e r  

s e l e c t i n g  a p r e y ,  a l a r v a  would t h e n  s t o p  2nd m o n i t o r  i t ' s  p r e y  wslile 

f l e x i n g  t h e  t a i l  b a c k  i n t o  a t i g h t l y  c u r v e d  p o s i t i o n .  The s t r i k e  i n v o l v e d  

a q u i c k  f o r w n r d  movement a c h i e v e d  by  r e l e a s i n g  tLle t?il froa t h e  c u r v d  

p o s i t i o n  and o p e n i n g  t h e  mouth so t h a t  t h e  p r e y  w j s  e n g u l f e d .  T h i s  t y p ?  o f  

f e e d i n g  b e h a v i o r  is s i m i l a r  t o  t h a t  seen i n  P a c i f i c ,  m a c k e r e l  ( H u n t e r  a n 3  

K i m b r e l l ,  1930) .  U s u s l l y  l a r v a e  would a t t s c k  t h e  same p r e y  s e v e r a l  times 

u n t i l  t h e  p r e y  was i n s e s t e d  i f  t h e  i n i t i a l  a t t a c k  w 3 s  u n s u c c e s s f u l .  

L a r v a e  fed  m o s t l y  on r o t i f e r s ,  a l t h o u q h  w i t h  a j a w  w i d t h  of  ? b o u t  0.30 

mm a t  f i rs t  f e e d i n g ,  l a r v a e  were c a p a b l e  of i n g e s t i n g  much l a r g e r  p r e y .  

L a r g e  p r e y ,  s u c h  a s  c o p e p o d s  or A r t e m i a  n a u p l i i ,  vere usu311y a v o i d e d  b y  

5-7 d a y  o l d  l a r v a e .  E i g h t - t e n  d a y  o l d  l a r v ; l e  o c c a s i o n a l l y  c h q s e d  and 

a t t a c k e d  l a r g e r  p r e y ,  h o w e v e r ,  o n l y  a few s u c c e s s f u l  s t r i k e s  were o b s e r v c d .  

O b s e r v a t i o n s  were made of 8-10 d a y  o l d  l a r v a e  s e i z i n g  a d u l t  copepo4s 2nd 

Artemia n a u p l i i  snd t h e n  r e l e a s i n g  t h e i r  p r e y  w i t h o u t  s u b s e q u e n t  p u r s u i t .  

Many 8-10 d s y  o l d  l a r v a e  were s e e n  a l o n g  t h e  s i d e  ~ 3 1 1 s  of  t h e  r e a r i n } ?  

t a n k s ,  a p p a r e n t l y  f e e d i n g  on c o p e p o d i t c s  2nd copepod n s u p l i i .  

' d a t e r  q u a l i t y  

D i s s o l v e d  oxygen r2mained  a b o v e  90% s a t u r a t i o n  b e f o r e  food o r g a n i s m s  

were added t o  t h e  r e a r i n g  t a n k s .  After food  o r g a n i s m s  were a d d e d ,  t h e  

d a y t i q e  d i s s o l v e d  oxygen l e v e l s  r e m a i n e d  a b o v e  307 s a t u r a t i o n  b u t  pre-.lawn 
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l e v e l s  d ropped  t o  702 s a t u r a t i o n  or l o w e r .  The n i g h t t i m e  d i s s o l v e d  oxygen 

d e c r e a s e  was p r e v e n t e d  by  s t a r t i n g  m i l d  a e r a t i o n  on d a y  3 ,  p r e v e n t i n g  

pre-dawn d i s s o l v e d  oxygen l e v e l s  from d r o p p i n g  b e l o w  357 s a t u r a t i o n .  

B u i l d u p  of n u t r i e n t s  ( p h o s p h a t e ,  n i t r a t e  and n i t r i t e ,  2nd ammonia) 

o c c u r r e d  i n  r e a r i n g  t a n k s  a s  w a s t e  p r o d u c t s  f r o n  t h e  l a r v a e  and food 

o r g a n i s m s  a c c m u l q t e d  ( T a b l e  3 1. Average  Trnnlonia l e v e l s  i n c r e a s e d  i n  t h e  

t a n k s  f i v e f o l d  from t h e  time of  h a t c h i n g  (156.8 ppb)  t o  d a y  5 (800 p p b )  

( T a b l e  3 ) .  Average  n i t r a t e  and n i t r i t e  l e v e l s  i n c r e a s e d  s i x f o l d  i n  t h e  

same time p e r i o d  from 3 9 . 6  t o  2 4 9 . 2  p p b ,  w h i l e  p h o s p h a t e  l e v e l s  i n c r e a s e d  

f o u r f o l d  from 32 .2  t o  1 2 6 . 2  ppb ( T a b l e  3). 

O f  t h e  two g r o u p s  o f  e g g s  s h i p p e d  to  La J o l l n  L a b o r a t o r y ,  t h e  Aug. 4 

1981 spawn g r o u p  s u r v i v e d  t h e  l o n g e s t  w i t h  l a r v a e  r e a r e d  t o  d a y  4. L a r v a e  

from t h e  same spswn r e a r e d  a t  Kewalo l a b o r a t o r y  s u r v i v e d  t o  d a y  5. S i n c e  

n o  s i g n i f i c a n t  i n c r e a s e  i n  s u r v i v a l  w 3 s  o b t a i n e d  when e g g s  were r ewed  i n  

La J o l l a ,  w a t e r  q u a l i t y  a t  Kewalo l a b o r a t o r y  n a y  n o t  b e  t h e  so le  cause f o r  

h i g h  l a r v a l  m o r t a l i t y .  

DISCUSSION AND RECOMMENDATION 

The e g g  and e a r l y  l a r v a l  s t a g e s  of s k i p j a c k  t u n a  a r e  s i m i l a r  t o  

e a r l y  s t a g e s  of  o t h e r  s c o r n b r i d s ,  s u c h  a s  t h e  y e l l o w f i n  t u n a ,  " h u n n u s  

a l b a c a r e s  ( H a r a d a  e t  a l . ,  1971; I n o u e  e t  31., 1 9 7 4 a ;  Hs rada  e t  a l . ,  1 9 3 0 ) .  

t h e  b i g e y e  t u n a ,  T. o b e s u s  (Houde and R i c h 3 r d s .  19591 ,  t h e  f r i g a t e  

m a c k e r e l ,  Aux i s  r o c h c i  (Tnoue e t  a l . ,  1 ? 7 4 a ) ,  4. t a p e i n o s o m a  (Hararia P t  

a 1  ., 1 9 7 3 a ) ,  A .  t h a z a r d  ( H a r a d a  e t  a1 ., 1 9 7 3 b ) ,  t h e  P a c i f i c  mackerel, 

Scomber j a p o n i c u s  ( H u n t e r  and Kimbrell  , 1 W O  1, and s e v e r a l  o t h e r  scornbrid 

s p e c i e s  (Mayo, 1 3 7 3 ) .  P,11 of t h e s e  s p e c i e s  !12ve slow, l i n e a r  g r o w t h  from 

- 
- 

- 

h 3 t c h i n g  t o  9 o r  10  d a y s  and a r e  a b o u t  t h e  S=IVP size a t  h a t c h i n g .  
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T ~ i b l c  2. Compdrison of l e n g t h s  o f  s k i p j x k  t u n ?  l * j r v z -  th>+, a r e  l y i n i :  
(n? , ' i r  %hs  b3ttorn) w i t h  l w v i o  t,hTt ?re  norm-31 ( f e d i n q  n e a r  
t h e  s u r f ? c e )  . S i g n i f i c a n c e  l c v e l  s o f  s t q t i s t i c o l  ? n s l y s i s  
( A N O V A ,  % k n l  and Rohlf ,  1?69)  fo r  l i f f e r c n c c s  i n  I p n g t h  7r-rz 

g i v e n  wit5 t h i  mem l e n g t h s  ( m m )  and s t a n d a r d  d e v i a t i o n s  fo r  
e a c h  z r o u p  t e s t e d .  Also n o t e d  w e  the percnnt- . ;qe of l w v z c  
w i t h  j 3 w  2 b n o r m a l l t i e s  found i n  e 7 c h  s , i n p l n .  

4g P s p  3 im Tqn 1< Lnngt,h ( m )  1 N 3 V 4  r ? s u l t s  
( d a y s )  l a t e  !lo rm n 1 

l a r v n c  
- 

31 il3y ?1 I3 X 3. ?!I 5 
S.D. 0.167 

5 abnorma l  2 0 4  

25 J u n e  8 1  C R 3.535 
S.D. 0.035 

'? nbnormal  n o t  noh2-l 

Y 4 u g .  Q 1  R R 3.57'7 
S.D. 9. 105 

7 nSnorrn21 407 

- 
4 Au?. $1 B X 3.531 

S.D. e .  119 
': nbnorrnal 59"% 

- 
4 A u g , .  31 F3 X 3.6: 

S.D. 0. 177 
5 abna rmnl  lOC)"! 

S i g n i f i c m t  
d i f f e r e n c e  i? 
l e n g t h  ( P < O . ? l )  

Yo s i g n i f i c m t  
d i f f e r e n c e  i n  
1 eng t.9 

No s i g n i f i c w t  
r l i f f e r e n z e  i n  
l e n g t h  

S i g n i f i c a n t  
d i f f e r e n c e  i n  
I c n o , t h  ( P < Q .  O Q l I  

Yo s i g n i f i c z i n t  
d i f f e r e n c e  i n  
l e n g t h  

T 3 b l e  3. Average  n u t r i e n t  c o n c e n t r a t i o n s  ( a n 4  stan?:trri d e v i ? t , i o n s )  of 
p h o s p h n t e ,  n i t r a t e  + n i t r i t e ,  - 3 r d  -mnon in  i n  ppb of  w>t-,~jr i n  
rear in is ,  t?n!<s P a n 3  B, '4 41-15. 1931 sp?wn.  

n% '' Phosphn ti- Nitr. i te + r.it ,rit? ilrnmoni? 
( days 

- 
3 X '32. 23 

S.D. 1Q.53 
1 X 54.55 

- S.D. 10.52 
L 3 X 71.61 

S.D. 0 .  3?7 
3 X 75.79 

- S.D. 15.55 
4 X 32.76 

5 X 125.1: 

- 

- 

- T.D. 13-72 

s. D. 0 

39.53 

42.63 

45.62 

65.34 

2.375 

4.653 

2.772 

3. 762 
1 2 4 . 4 6  

1 c). 64 
2113.29 

5 1  . 5'7 

156.7 
6,534 

1?3.?3 
36.126 

307.71 
59.11 

Q W l .  33 
101.97 
51 0 .  c)1 
1 1  2.24 
"QO. qQ 
175. 
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F igure 1. Growth of s k i p j a c k  tuna l a r v a e  (16 J u l y ,  1980 and 31 May, 1981 
spawns) t o  11 days a f t e r  ha t ch ing .  Mean l eng ths  * 1 standard  
d e v i a t i o n  a r e  g iven  f o r  l a r v a e  from combined spawns. 
( S t a t i s t i c a l  a n a l y s i s  of s e p a r a t e  r e g r e s s i o n  l i n e s  obtained 
from each spawn group ind ica t ed  no s i g n i f i c a n t  d i f f e r e n c e  
between s lopes  or  i n t e r c e p t s  (P<O.Ol) t h e r e f o r e  d a t a  from 
both spawns were combined). 


